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Abstract 
 

In this paper, a method for measuring optical systems' performance using 

some merit functions: point spread function and Strehl ratio produced. 

Analytical results have been presented to calculate the Point Spread Function 

of an environmentoptic system with circular aperture apodized with different 

order resolving parabolic filters using complex pupil function technique. The 

obtained results have been discussed graphically for diffrent values of the 

apodization parameter () for different conditions of transmission ( ). 

Dependence of full width at half maximum this filter increased the resolving 

power of the optical environment system. The results show also that the SR 

is quantitatively dependent on the transmission factor. 

 

Keywords: point spread function, image quality, apodization, parabolic 

filter, image resolution 

 

1 Introduction 
 

In most imaging applications, particularly in material science, life science, 

image processing, and remote sensing [1], images with high spatial  
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resolution are often needed. There are many techniques used to assess optical 

systems' quality and analysis, such as point spread function, Strehl ratio, 

encircled energy, apodization, etc. The performance of optical systems 

highly depends on the quality of the image. Apodization is the method of 

intentional adjustment of diffraction feet to enhance the optical system's 

resolution power. Apodization may be done in many ways, i.e., by adjusting 

the aperture shape or its characteristics of the transmission. Apodization is, 

therefore, the method of altering the distribution of energy in the point spread 

function by deliberately modifying the pupil function to enhance some 

measure of the image quality. It is important to understand the system's 

response to the object being imaged while assessing the exhibition of a given 

systemof optical imaging [2], [3]. 

It is well-known that the image of an acquired point object is not a point 

[4] even with a diffraction-limited process. There is a spread of light flux in a 

wide area at the focal point of the image plane, the real nature of the 

probogation (called the Point Spread Function) can beinspected by the shape 

and size of the aperture, in addition to the kind of transmittance. The point 

spread function (PSF) is a helpful term in astronomical imaging, Fourier 

optics, electron microscopy, and other imaging methods, for example 

fluorescence microscope, 3D microscopy (Confocal Laser Scanning 

Microscope) [5]. The image of a point source is never a point, but, as is 

understood according to the wave theory of light and the theory of aberration, 

is generalized to a spreading spot or a specific distribution such as the Gauss 

distribution [6]. In the present paper, a parabolic filter was used that is 

considered able to increase the resolution of an optical device [7]. Our 

analysis in this paper depends on geometric optics and Fourier analysis for 

optical elements with linear material interactions. For the parabolic filter, the 

equation is: 

 ( )  (     )  
 where N=1,2,3,4,5 

 : The apodization parameter is known and indicates the degree of non-

uniformity of pupil transmission. 

 : Less than one is a numerical constant. 

 

2 Related Work 
 

A considerable number of investigation have been performed.on the 

distributions of light for the apodized optical system to improve the image 

quality. P Thirupathi1 et al.[8]studied some parameters like point spread 

function ad Strehl ratio for an optical system apodized with the highest-order 

super-resolution parabolic filter. A Srisailam et al. [9] evaluated central peak 

intensity and Strehl ratio of an optical system apodized with Bartlett filter 

Function. Theydisplythat it can  obtained good results by using these filters  

for small values for the parameter of  apodization. M. KeshavuluGoudet al.  
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[10]  obtained a consequence of an asymmetric point spread function with 

bad and good sides by implementing asymmetric pupil functions at three 

levels.They show that with the width of the edge strips within the slit 

aperture, the asymmetry has been increased. Ali H. Al-Hamadani et al. [11] 

analytically computed the point spread function curves, coma aberration, and 

different amplitude apodization under various considerations. They show that 

for square aperture system with a of half diagonal (1) the value of the Strehl 

ratio is high.ANDRA NARESH KUMAR REDDY et al. [12] demonstrated 

that in the presence of aberrations, the two-point resolution of the apodized 

optical device improved sufficiently great. The suggested pupil apodizer has 

a good efficiency in improving the resolution of the optical systems used in 

imaging and application of focusing. SIVA PRASAD PEDDI et al. [13] 

discussed the Strehl Ratio and Total Transmission Factor ()for the 

assessment of the image quality of an optical system to improve the image 

quality of the system. While P Thirupathi et al. [14]proved the FWHM of an 

optical system with a group of  filters of Higher-Order parabolic. They find 

that HWHM on the good side decreases in the presence of asymmetric 

apodization at the expense of the increased HWHM on the bad side. 

        

3 Mathematical Formula for PSF 
 

Taking into account the spread of light waves and the limited size of 

optical structures, In the object plane diagram, the image of a point is a 

diffraction pattern in the plane of the image. A source of  point may render 

an expanding spherical wave in the focal plane, part of which enters the lens. 

The lens's refractive action delays the axial rays near the center edges of the 

lens, turning the spherical wave that extends through a different spherical 

wave that converges towards the image point. Suppose the illumination is not 

coherent and differs from one point to another randomly. In that case, the 

device intensity is linear, And the optical system's response to the PSF point 

signal can be acquire by the square module of the complex amplitude 

function [5]. 

    (   )=   (   )                              (1) 

Where  (   )for arrays of various apertures means the complex 

amplitude function. use Fourier transforming [6] to pupil function  (   ), 

the complex amplitude can be expressed in the point (u, v) for the image 

plane(   ). 

 (   )  
 

 
∬ (   )     (     )           (2) 

 u, v  refers to the dimensionless coordinates; y refers to the area of the 

exit pupil.  

 (   )   (   (     ))       (3) 
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  The complex pupil function phrased in equations (3) and (2) is replaced 

in Eq. (1) To acquire (PSF) in terms of Fourier transformation, we get: 

    (   )    ∫∫(   (     ))     (     )                (4) 

Integrating with eq. (4) The form           

was performed over a circular exit pupil. The Apodized PSF (APSF) 

would then be written as, 

    ( )    ∫ ∫ (   (     ))        √    

 √    

 

  
              (5) 

N: is the normalization factor  

  
 

  
 

Whereas  :          (  )       (  )     (6) 

then substitute in eq. 5 : 

    ( )=  (   (     ))
 
 ∫ ∫    (  )

√    

 √    

 

  
       

 ∫ ∫    (  )
√    

 √    

 

  
             (7) 

Since sin (zx) is an odd function, the second term in equation 7 will 

disappear and take the form of: 

    ( )  
 

   ∫ ∫ (   (     ))    (  )
√    

 √    

 

  
        (8) 

The Strehl (SR)  ratio characterized as the ratio of the central intensity of 

the PSF for optical system and the diffraction-limited system uniform pupil 

function  

   
     ( )

    ( )
 

Where, respectively, the parameters A and P applied to the Airy pupilsanf  

parabolic filter. 

 

4 Results and Discussions 
 

In figure 1 the values of computed APSF for some typical values of  (0, 

0.25, 0.50 & 0.75) and  (0, 0.2, 0.4, 0.6, 0.8 & 1) have been plotted. There 

are some significant and interesting changes in the APSF curves when values 

of  are varied. As the value of  is increased, the APSF increase with a 

different value of . interestingly note that the position of the first minimum 

and second maxima do not rely on the value of the apodization parameter. It 

only reilyon the values of. When the value of increases the location of the 

the first minima and the position of each secondary maximum value increase, 

which will reduce the resolution of the system, depending on  the Rayleigh 

criterion of classical resolution. 
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(d) 

Figure 1 Variation of A PSF Curves with  for diffrent Values of , N=1 

 

In figure 2, we plotted the APSF curves for FWHM analysis for  0, 

0.25, 0.50 &0.75. For second-order N. For example, in one of the curves, for 

 0 that is, we demonstrate a method for evaluating FWHM values from the 

corresponding APSF curves. The estimated value of FWHM has been 

displayed in tabular form. It's clear from the table (1) that the FWHM value 

will not change significantly with the value of,   of this spesificseires of 

pupil functions we choose. Nonetheless, the super-resolution characteristics 

of this group of parabolic filters can be illustrated by the certainty that the 

average FWHM value for the second-order around 3.1 diffraction unit below 

than Raleigh's classic resolution limit "3.83" unit for the diffraction-limited 

optical system. 
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(c) 

 
(d) 

Figure 2 variation of A PSF Curves with  for Various Values of , N=2 

 
Table 1 values of FWHM for N=2 

 

 
 

Figure (3) shows the effect of  with a higher order of the filter N=2. It's 

evident that the APSF curves affected by the changes in N; the curves drop 

faster as the order of filter increase, and in the case of  N=1, the secondary 

maxima for different value of are decreasing in the presence of filter, which 

indicates to increase in the resolution of the optical system. 
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(a) 

 
(b) 

Figure 3 variation of A PSF Curves with,  for Various Values of  α 

Figure 4 a variation of Strehl ratio with apodizations parameters for 

different values of the ( =0, 0.25, 0.5, and 0.75 for a high order of the filter. It 

is noticed all the values of  from the figures, with increasing values of , 

overall curves increases, Maintenance, of course, their super-resolution 

parabolic shape. The main lineaments that should be noted in this figure that, 

and all the curves start from the origin with increasing the order of filter; that 

is, for the second-order, the curve starts from various values, while in the 

fourth and fifth-order, the curve starts from the origin. As the order 

increasing the  =0 curve coincides with the  -axis, and the shape are 

parabola, which means that these curves can be expressed in the 

mathematical form of the equation (3). Quantitatively, the value of SR 

mainly depends on the value of, since higher is the value of  the Strehl 

ratio values are  quantitative higher from those with Smaller values of . but, 

it must be noted that we cannot increase the value of  Unlimitedly to keep 

the" over-all value" of f(x, y)  1, satisfying the basic passive condition of 

the optical system. 
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(c) 

 
(d) 

Figure 4 Variation of SR with β for α=0,0.25,0.50&0.75 
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5 Conclusions 
 

The strength apodized point spread function and SR are calculated in the 

present study based on FWHM for different values of β and  .f that can be 

used for analyze the apodized optical device's resolution. The estimated 

FWHM is greater than the Rayleigh criterion that improved the PSF 

resolving for the apodized optical system. The location of the first minimum 

and the separate secondary maximum increase as the value of  is increased, 

thus decreasing the system's resolving power. Quantitatively, the SR values 

are strongly dependent on the  values. Because the Strehl ratio values are 

greater than that of the lower values of the Strehl ratio values . 
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